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Disclosed is a methods for modifying the chain length and double bond 
positional specificities of a sol. plant fatty acid desaturase. More 
specifically, the method involves modifying amino acid contact residues 



the substrate binding channel of the sol. fatty acid desaturase which 
contact the fatty acid. Amino acid contact residues which lie within the 
substrate binding channel are identified by alignment with the primary 
amino acid sequence of the Ricinus communis .DELTA. 9 desaturase for max. 
sequence conservation. A 3-dimensional model for the acyl-[acyl carrier 
protein] desaturase is then constructed based on the sequence 
conservation 

with the R. communis .DELTA. 9 desaturase. A mutant acyl 
-ACP desaturase having modified chain length 

and double bond positional specificity is then generated by replacing one 
or more of the amino acid contact residues with another amino acid 
residue. Residues at conserved positions 114, 115, 117 
, 118, 179, 181, 188, and 

189 are most relevant in detg. specificity of the desaturase. 
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A determinant of substrate specificity predicted from the 
acyl-acyl carrier protein desaturase of developing cat's 
claw seed. 

Cahoon E B; Shah S; Shanklin J; Browse J 

Biology Department, Brookhaven National Laboratory, Upton, 
New York 11976, USA. 
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AB Cat's claw (Doxantha unguis-cati L. ) vine accumulates nearly 80% 

palmitoleic acid (16:lDelta9) plus cis-vaccenic acid ( 18 : IDeltall ) in its 
seed oil. To characterize the biosynthetic origin of these unusual fatty 
acids, cDNAs for acyl-acyl carrier protein (acyl-ACP) desaturases were 
isolated from developing cat's claw seeds. The predominant acyl- 
ACP desaturase cDNA identified encoded a polypeptide 

that is closely related to the stearoyl (Delta9-18 : 0) -ACP desaturase from 
castor (Ricinis communis L. ) and other species. Upon expression in 
Escherichia coli, the cat's claw polypeptide functioned as a Delta9 
acyl-ACP desaturase but displayed a distinct 

substrate specificity for palmitate (16:0) -ACP rather than stearate 
(18:0) -ACP. Comparison of the predicted amino acid sequence of the cat 1 s 
claw enzyme with that of the castor Delta9-18 : 0-ACP desaturase suggested 
that a single amino acid substitution (L118W) might account in large part 
for the differences in substrate specificity between the two desaturases. 
Consistent with this prediction, conversion of leucine-118 to 
tryptophan in the mature castor Delta9-18 : 0-ACP desaturase resulted in an 
80-fold increase in the relative specificity of this enzyme for 16: 0-ACP. 
The alteration in substrate specificity observed in the L118W 
mutant is in agreement with a crystallographic model of the 
proposed substrate-binding pocket of the castor Delta9-18 : 0-ACP 
desaturase . 
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Doxantha unguis-cati L.) vine accumulates nearly 80% 
acid (16:lDelta9) plus cis-vaccenic acid ( 18 : IDeltall ) 
characterize the biosynthetic origin of these unusual 



in its 
fatty 



acids, cDNAs for acyl-acyl carrier protein (acyl-ACP) desaturases were 
isolated from developing cat's claw seeds. The predominant acyl- 
ACP desaturase cDNA identified encoded a polypeptide 

that is closely related to the stearoyl ( Delta9-18 : 0) -ACP desaturase from 
castor (Ricinis communis L. ) and other species. Upon expression in 
Escherichia coli, the cat's claw polypeptide functioned as a Delta9 
acyl-ACP desaturase but displayed a distinct 

substrate specificity for palmitate (16:0) -ACP rather than stearate 
(18:0) -ACP. Comparison of the predicted amino acid sequence of the cat's 
claw enzyme with that of the castor Delta9-18 : 0-ACP desaturase suggested 
that a single amino acid substitution (L118W) might account in large part 
for the differences in substrate specificity between the two desaturases. 
Consistent with this prediction, conversion of leucine-118 to tryptophan 
in the mature castor Delta9-18 : 0-ACP desaturase resulted in an 80-fold 
increase in the relative specificity of this enzyme for 16: 0-ACP. The 
alteration in substrate specificity observed in the L118W mutant 
is in agreement with a crystallographic model of the proposed 
substrate-binding pocket of the castor Delta9-18 : 0-ACP desaturase. 
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AB Acyl-acyl carrier protein (ACP) desaturases introduce double bonds at 

specific positions in fatty acids of defined chain lengths and are one of 
the major determinants of the monounsaturated fatty acid composition of 
vegetable oils. Mutagenesis studies were conducted to determine the 
structural basis for the substrate and double bond positional 
specificities displayed by acyl-ACP desaturases. By replacement of 
specific amino acid residues in a Delta6-palmitoyl (16:0) -ACP desaturase 
with their equivalents from a Delta9-stearoyl (18:0) -ACP desaturase, 
mutant enzymes were identified that have altered fatty acid 
chain-length specificities or that can insert double bonds into either 



the 



Delta6 or Delta9 positions of 16:0- and 18: 0-ACP. Most notably, by 
replacement of five amino acids (A181T/A200F/S205N/L206T/G207A) , the 
Delta6-16 : 0-ACP desaturase was converted into an enzyme that functions 
principally as a Delta9-18 : 0-ACP desaturase. Many of the determinants of 
fatty acid chain-length specificity in these mutants are found 
in residues that line the substrate binding channel as revealed by x-ray 
crystallography of the Delta9-18 : 0-ACP desaturase. The crystallographic 
model of the active site is also consistent with the diverged activities 



associated with naturally occurring variant acyl-ACP 
desaturases . In addition, on the basis of the active-site model, a 
Delta9-18 : 0-ACP desaturase was converted into an enzyme with substrate 
preference for 16:0-ACP by replacement of two residues (L118F/P179I) . 
These results demonstrate the ability to rationally modify acyl- 
ACP desaturase activities through site-directed 

mutagenesis and represent a first step toward the design of acyl-ACP 
desaturases for the production of novel monounsaturated fatty acids in 
transgenic oilseed crops. 
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